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1. 建立描绘以亚心形扁藻 (Platymonas Subcordiformis，绿藻) 为被捕食者、






生长的营养盐半饱和常数  (KN)、海洋尖尾藻对亚心形扁藻摄食的半饱和数 
(KP)、海洋尖尾藻的同化效率 (ε) 及海洋尖尾藻死亡率 (m)，从而得到不同温度




Additional Model，GAM) 和经验模态分解 (Empirical Mode Decomposition，EMD) 
分析后发现：15℃时，除营养盐外，其他两个时间序列均存在周期为 25 天的极
限环；20℃时，除营养盐外，其他两个均存在周期为 23 天的极限环；25℃时，
三个时间序列均存在周期为约 15 天的极限环。多温度梯度的 NPZ 模型结合不同
温度下的半连续培养实验营养盐、浮游植物和浮游动物时间序列的初始值，模拟
简单浮游生态系统长期半连续培养过程发现：25℃时，三个时间序列均存在周期
为 25 天的极限环；20℃时，三个时间序列均存在周期为 23 天的极限环；25℃时，



















用磷酸盐浓度分别为 1 μmol/L 和 5 μmol/L 的稀释培养基，对简单浮游生态系统
进行长期半连续培养对比实验，观测系统内磷酸盐浓度、浮游植物生物量以及浮





































Temperature is a key environmental factor affecting the structure and function of 
marine plankton ecosystems. Since the early 20th century, the average temperature of 
the global ocean has been rising because of the emission of greenhouse gases. 
However, the mechanism has been unclear that temperature affects changes of 
plankton ecosystem and the changes of plankton biomass. In this thesis, we combine 
the theoretical model with experiment to investigate the effects of temperature and 
nutrient input on stable states of simple plankton ecosystems. The main results are as 
follows: 
1. Our system is a simple plankton ecosystem that consists of heterotrophic 
dinoflagellates, Oxyrrhis marina, feeding on unicellular green algae, Platymonas 
Subcordiformis, and phosphate as the limiting nutrient. The 
Nutrient-Phytoplankton-Zooplankton model is established to describe the rates of 
biological interactions in the simple plankton ecosystem. According to the optimum 
growth temperature of Platymonas Subcordiformis and Oxyrrhis marina, temperature 
gradients are set. Using a series of single-species cultivation experiments of 
Platymonas Subcordiformis and feeding experiments of Oxyrrhis marina, the 
unknown parameters of NPZ model at multi temperature gradients are get: μmax and 
gmax are the maximum birth rates of Platymonas Subcordiformis and Oxyrrhis marina, 
KN and KP are the half saturation constants of Platymonas Subcordiformis and 
Oxyrrhis marina, ε and m are the assimilation efficiency and mortality of Oxyrrhis 
marina. 
2. To get the long-term time series of nutrient, phytoplankton and zooplankton, 
we conduct the long-term, semi-continuous experiments of the simple plankton 
ecosystem at different temperatures, and monitor the concentration of nutrient, the 
biomass phytoplankton and zooplankton every day. Then, the time series are analyzed 
by the generalized additive model and empirical mode decomposition. The results 
















of nutrient at 15℃, and the other two time series show a 23-day limit cycle, except the 
time series of nutrient at 20℃, and the three time series all show a 15-day limit cycle 
at 25℃. At the same time, NPZ model combined with the initial values of nutrient, 
phytoplankton and zooplankton in the semi-continuous experiments at different 
temperatures simulates the long-term, semi-continuous culture of the simple plankton 
ecosystem. The results show that the three time series all show a 25-day limit cycle at 
15℃, and the three time series all show a 23-day limit cycle at 20℃, and the three 
time series all show a 15-day limit cycle at 25℃. In conclusion, the results of NPZ 
model are consistent with the experiments, which not only proves the reliability of the 
model, but also reveals that the limit cycle become smaller and stability becomes 
lower of simple plankton ecosystems with the temperature rising. 
3. To investigate the response of stable states of simple marine plankton 
ecosystems to nutrient input, our research adopts the different dilution media, namely 
the concentration of phosphate is respectively 1 μmol/L and 5 μmol/L. We conduct 
long-term, semi-continuous compared experiments of the simple plankton ecosystem 
at different temperatures, and monitor the concentration of nutrient, the biomass 
phytoplankton and zooplankton every day. The time series of the two long-term, 
semi-continuous compared experiments are analyzed by the generalized additive 
model and empirical mode decomposition. The results show that the long time series 
of different nutrient input all present a certain period of limit cycles. But the time 
series’ cycle of higher concentration of nutrient input are less than the lower 
concentration of nutrient input. Thus higher concentration of nutrient input can lead to 
a smaller limit cycle and lower stability of simple plankton ecosystems. 
 
























上升趋势 (Levitus et al. 2000；Lyman et al. 2010)。全球变暖对海洋浮游生态系统
的生物量和生产力产生了很大的影响 (Behrenfeld et al. 2006；Piontkovski & 
Castellani 2009；Chavez et al. 2011)。 
海洋科学是一门观测科学，由于现场观测技术的限制，数据的分析往往侧重
于外界环境因子对浮游生物生物量的影响而忽视了生态系统内部生物之间非线












植物的生长 (Behrenfeld et al. 2006；Polovina et al. 2008；Dave 2013)。Berenfeld et 






















力的重要因素之一 (Calbert & Landry 2004)。海洋微型浮游动物是海洋浮游植物

















有密切的联系。2005 年东海大规模甲藻赤潮的爆发时间由 2004 年 5 月初推迟到
了 5 月下旬。通过研究 2002-2004 年的现场数据发现，甲藻赤潮原因种需要在 4
月中上旬在水体次表层经历一个“孕育”阶段，此阶段是其在 5 月初爆发赤潮的
必要准备阶段，但是 2005 年 4 月中上旬海水温度比 2004 年 4 月中上旬低了 2-3
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